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1
METHOD AND SYSTEM FOR
MANUFACTURING SEMICONDUCTOR
EPITAXY STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method and a system for
manufacturing semiconductor epitaxy structure, and more
particularly to a method and a system for manufacturing
semiconductor epitaxy structure without epitaxy layer
cracks.

2. Description of the Prior Art

It is an important technology to grow epitaxy layers on a
large size substrate, such as growing a thicker gallium nitride
(GaN) epitaxy layer on a silicon (Si) substrate. In this struc-
ture, a major problem is surface cracks after cooling down and
lead to the device failure. In order to prevent surface cracks,
the design of epitaxy structure can be changed to control
strain.

During the cooling down process, the tensile stress in the
GaN epitaxy layer is generated by the different thermal
expansion coefficients of the GaN epitaxy layer and the Si
substrate. In order to compensate the tensile stress, GaN
epitaxy layer should be in a compressive stress state before
cooling down process. Then, the crack-free GaN epitaxy
layer on Si substrate will be obtained. The compressive stress
of GaN epitaxy layer is usually on aluminum nitride (AIN)
layers, so that AIN is usually used as buffer layer between
GaN epitaxy layer and Si substrate. In the structure of GaN
layer and AIN layer on Si substrate, it is difficult to get 1 um
GaN epitaxy layer without cracks on 6 inch Si substrate. But
for high power device applications, thicker GaN epitaxy layer
is required.

The concept of strain engineering is used to get thicker
GaN epitaxy layer on large size Si substrate. For example,
different structures with sequential layers are designed to
control the strain which enables the growth of thicker epitaxy
structure without cracks. However, it is difficult to control the
strain of the structure because of the variation of process
conditions, such as temperature, or lattice defects etc. For
example, accumulated compressive stress drives the lattice
relaxation, which results in the curvature value with tensile
tendency during the cooling down process. In other case,
excessive compressive stress with plastic deformation cannot
be dissipated during the cooling down process so that the
structure shows the compressive tendency after the cooling
down process.

Accordingly, it is highly desirable to determine deposition
time or thickness of the layers on the substrate to control the
strain of the structure.

SUMMARY OF THE INVENTION

The present invention is directed to a method and a system
for manufacturing a semiconductor epitaxy structure, which
utilizes a curvature monitor system to monitor the structure in
real time to get a curvature value, and the deposition time or
thickness of a buffer layer, an epitaxy layer and an insertion
layer can be determined by the curvature value to effectively
control the strain of the structure.

In one embodiment, the proposed method for manufactur-
ing semiconductor epitaxy structure includes: providing a
substrate which is monitored in real time by a curvature
monitor system to get a curvature value; depositing a buffer
layer on the substrate, wherein thermal expansion coefficient
and lattice constant of the buffer layer and the substrate are

10

15

20

25

30

35

40

45

50

55

60

2

different so that the semiconductor epitaxy structure has a
first strain to curve toward a first direction and the curvature
monitor system monitors the curvature value of the semicon-
ductor epitaxy structure in real time to determine whether
stop depositing the buffer layer or not; depositing a first
epitaxy layer on the buffer layer, wherein thermal expansion
coefficient and lattice constant of the first epitaxy layer and
the buffer layer are different so that the semiconductor epit-
axy structure has a second strain to curve toward a second
direction and the curvature monitor system monitors the cur-
vature value of the semiconductor epitaxy structure in real
time to determine whether stop depositing the first epitaxy
layer or not; depositing an insertion layer on the first epitaxy
layer, wherein thermal expansion coefficient and lattice con-
stant of the insertion layer and the first epitaxy layer are
different so that the semiconductor epitaxy structure has a
third strain to curve toward the first direction and the curva-
ture monitor system monitors the curvature value of the semi-
conductor epitaxy structure in real time to determine whether
stop depositing the insertion layer or not; and depositing a
second epitaxy layer on the insertion layer, wherein thermal
expansion coefficient and lattice constant of the second epit-
axy layer and the insertion layer are different so that the
semiconductor epitaxy structure has a fourth strain to curve
toward the second direction and the curvature monitor system
monitors the curvature value of the semiconductor epitaxy
structure in real time to determine whether stop depositing the
second epitaxy layer or not.

A system for manufacturing semiconductor epitaxy struc-
ture according to another embodiment of the present inven-
tion includes: a deposition apparatus, for sequentially depos-
iting a buffer layer, a first epitaxy layer, an insertion layer, a
second epitaxy layer on a substrate; a curvature monitor sys-
tem, for monitoring a curvature value of the semiconductor
epitaxy structure; and a control unit electrically connected
with the deposition apparatus and the curvature monitor sys-
tem, for controlling the deposition apparatus to stop deposit-
ing the bufter layer, the first epitaxy layer, the insertion layer
and the second epitaxy layer according to the curvature value
of the semiconductor epitaxy structure measured by the cur-
vature monitor system.

The objective, technologies, features and advantages ofthe
present invention will become apparent from the following
description in conjunction with the accompanying drawings
wherein certain embodiments of the present invention are set
forth by way of illustration and example.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing conceptions and their accompanying advan-
tages of this invention will become more readily appreciated
after being better understood by referring to the following
detailed description, in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a block diagram schematically illustrating a sys-
tem for manufacturing semiconductor epitaxy structure
according to an embodiment of the present invention;

FIG. 2 is a diagram schematically illustrating variation of
curvature value of a semiconductor epitaxy structure in a
manufacturing process;

FIG. 3 is a diagram schematically illustrating a semicon-
ductor epitaxy structure according to an embodiment of the
present invention; and

FIG. 4 is a diagram schematically illustrating variation of
curvature value of another semiconductor epitaxy structure in
a manufacturing process.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

The detailed explanation of the present invention is
described as follows. The described preferred embodiments
are presented for purposes of illustrations and description,
and they are not intended to limit the scope of the present
invention.

Referring to FIG. 1, FIG. 1 illustrates a system for manu-
facturing a semiconductor epitaxy structure according to an
embodiment of the present invention. In this embodiment, the
system includes a deposition apparatus 11, a curvature moni-
tor system 12, and a control unit 13. The deposition apparatus
11 is utilized to sequentially deposit a buffer layer 21, a first
epitaxy layer 22, an insertion layer 23, and a second epitaxy
layer 24 on a substrate 20, as shown in FIG. 3. In one embodi-
ment, the first epitaxy layer 22 and the second epitaxy layer 24
may be the same material, such as gallium nitride (GaN).
Besides, the insertion layer 23 and the second epitaxy layer 24
are deposited in an interlacing manner to effectively control
the strain of the semiconductor epitaxy structure to avoid the
crack of the epitaxy layer. The detail method for controlling
the strain of the semiconductor epitaxy structure is described
as follows. The curvature monitor system 12 is utilized to
monitor the curvature value of the semiconductor epitaxy
structure. The control unit 13 is electrically connected to the
deposition apparatus 11 and the curvature monitor system 12.
The control unit 13 dominates the deposition apparatus 11 to
stop depositing the buffer layer 21, the first epitaxy layer 22,
the insertion layer 23 and the second epitaxy layer 24 on the
substrate 20 based on the curvature value measured by the
curvature monitor system 12. That is, the control unit 13 can
control the deposition time and deposition thickness of the
above mentioned deposition layer. It is important to empha-
size that the system for manufacturing the semiconductor
epitaxy structure does not control the deposition time accord-
ing to the recipe which the thickness of each deposition layer
is defined, but determines whether stop depositing or not
based on the curvature value of the semiconductor epitaxy
structure.

Referring to FIG. 2, and FIG. 3, FIG. 2 and FIG. 3 illus-
trates a method for manufacturing the semiconductor epitaxy
structure according to an embodiment of the present inven-
tion. Below to deposit GaN on silicon (Si) substrate as an
example for illustration. Firstly, a substrate 20 is provided,
and the substrate 20 is monitored by a curvature monitor
system to get a curvature value. Secondly, a buffer layer 21 is
deposited on the substrate 20 to prevent the melt back etching
during growth. In one embodiment, the buffer layer 21 may be
aluminum nitride (AIN). Due to the lattice constant of the
aluminum nitride (AIN) is 0.311 nm and the lattice constant
of'thesiliconis 0.54 nm, so that thermal expansion coefficient
of AIN and silicon is different and the semiconductor epitaxy
structure has a first strain which make the semiconductor
epitaxy structure shows a curvature state toward a first direc-
tion. In the embodiment, the semiconductor epitaxy structure
shows a tensile tendency. With the increased deposition time,
the curvature of the semiconductor epitaxy structure is
changed from point A to point B. In the meantime, the cur-
vature monitor system can be utilized to monitor the curva-
ture value of the semiconductor epitaxy structure in real time
to determine whether stop depositing the buffer layer 21 or
not.

Continuing the above description, a first epitaxy layer 22 is
deposited on the buffer layer 21. In one embodiment, the first
epitaxy layer may be GaN. Because of the lattice constant of
the GaN is 0.318 nm and the lattice constant of the AIN is
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0.311 nm, so that thermal expansion coefficient of GaN and
MN is different and the semiconductor structure has a second
strain which drives the semiconductor epitaxy structure curve
toward a second direction opposite to the first direction. With
the increased deposition time of the first epitaxy layer 22, the
second strain is gradually increased to make the semiconduc-
tor epitaxy structure curve toward the second direction. In this
embodiment, the semiconductor epitaxy structure shows a
compressive tendency. With the increased deposition time,
the curvature of the semiconductor epitaxy structure is
changed from point B to point C. In the meanwhile, the
curvature monitor system can be utilized to monitor the cur-
vature value of the semiconductor epitaxy structure in real
time to determine whether stop depositing the first epitaxy
layer 22 or not.

It can be understood that the thickness of the first epitaxy
layer 22 can be increased by continuously depositing the first
epitaxy layer 22 so that the compressive stress will be accu-
mulated, as shown in FIG. 2 at point C1. The accumulated
compressive stress will drive lattice relaxation (as shown
point R in FIG. 2) which results semiconductor epitaxy struc-
ture shows the tensile tendency after cooling down, as shown
point F1in FIG. 2. In other case, excessive compressive stress
(as shown point C2 in FIG. 2) with plastic deformation cannot
be dissipated during the cooling down process so that the
semiconductor epitaxy structure shows the compressive ten-
dency after cooling down, as shown point F2 in FIG. 2.
Hence, while the curvature value of the semiconductor epit-
axy structure monitored by the curvature monitor system has
reached to a predefined curvature value, the deposition appa-
ratus should stop depositing the first epitaxy layer 22.

Continuing the above description, an insertion layer 23 is
deposited on the first epitaxy layer 22. In one embodiment,
the buffer layer 21 and the insertion layer 23 may be the same
ordifferent materials. For example, the insertion layer may be
AIN or aluminum gallium nitride (AlGaN). In this embodi-
ment, the insertion layer may be AIN. As above description,
the lattice constant and thermal expansion coefficient of the
AIN and GaN are different, hence there is a third strain
formed. However, it is different from the aforementioned that
MN (insertion layer 23) is deposited above the GaN (first
epitaxy layer 22) so that the semiconductor epitaxy structure
driven by the third strain curves toward the first direction.
Because the resultant of the first strain and the third strain is
smaller than the second strain, the third strain is not sufficient
to render the semiconductor epitaxy structure show a tensile
tendency, but only reduce the extent of the semiconductor
epitaxy structure curving downward. With the increased
deposition time, the curvature of the semiconductor epitaxy
structure is changed from point C to point D1. In the mean-
while, the curvature monitor system is utilized to monitor the
curvature value of the semiconductor epitaxy structure in real
time to determine whether stop depositing the insertion layer
23 or not.

Finally, a second epitaxy layer 24 is deposited on the inser-
tion layer 23. In one embodiment, the second epitaxy layer 24
and the first epitaxy layer 22 may be the same or different
materials. In this embodiment, the second epitaxy layer may
be GaN. There is a fourth strain formed based on the differ-
ence of thermal expansion coefficient and lattice constant
between the second epitaxy layer 24 (GaN) and the insertion
layer 23 (AIN). GaN is deposited above the AIN so that the
semiconductor epitaxy structure driven by the fourth strain
curves toward the second direction. Because the semiconduc-
tor epitaxy structure should be curved to reach a proper cur-
vature before cooling, the fourth strain should be greater than
the third strain to increase the curvature of the semiconductor
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epitaxy structure. With the increased deposition time, the
curvature of the semiconductor epitaxy structure can be
changed from point D1 to point E1. It can be understood that
the accumulated compressive stress in the semiconductor
epitaxy structure can drive the lattice relaxation during depos-
iting or cannot be dissipated during cooling down. Similarly,
the curvature monitor system can be utilized to monitor the
curvature value of the semiconductor epitaxy structure in real
time to determine whether stop depositing the second epitaxy
layer 24 or not.

It can be understood that, if the required thickness of the
GaN epitaxy layer is achieved by depositing single second
epitaxy layer 24 and the curvature of the semiconductor epi-
taxy structure is in a proper range, the semiconductor epitaxy
structure can be cooled down to finish the manufacturing
process. Generally, it is difficult to obtain a thicker and crack-
free GaN epitaxy layer by depositing single second epitaxy
layer 24. Therefore, the insertion layer 23 and the second
epitaxy layer 24 can be repeatedly deposited in an interlacing
manner to obtain the required thickness of the GaN epitaxy
layer, and then cooling down the semiconductor epitaxy
structure to finish the manufacturing process. In the semicon-
ductor epitaxy structure shown in FIG. 3, for example, with
depositing the insertion layer 23 and the second epitaxy layer
24 in the interlacing manner, the curvature of the semicon-
ductor epitaxy structure is changed from point E1 to point D2,
from point D2 to point E2, from point E2 to point D3, and then
from point D3 to point E3. Finally, the curvature of the semi-
conductor epitaxy structure is changed from point E3 to point
F after cooling down process. As foregoing description, the
system for manufacturing the semiconductor epitaxy struc-
ture of the present invention does not control the deposition
time according to the recipe which the thickness of each
deposition layer is defined, but determines whether stop
depositing or not based on the curvature value of the semi-
conductor epitaxy structure. Therefore, the thickness of each
insertion layer 23 may be different. Similarly, the thickness of
each second epitaxy layer 24 may also be different. As shown
in FIG. 2, in the manufacturing process, an operator may
deposit one insertion layer 23 to reduce the curvature of the
semiconductor epitaxy structure at the appropriate time based
on the curvature value of the semiconductor epitaxy structure
measured by the curvature monitor system inreal time, so that
the accumulated compressive stress in the semiconductor
epitaxy structure will not drive the lattice relaxation during
depositing or can be dissipated during cooling down.

It should be noted that variation of curvature value of the
semiconductor epitaxy structure shown in FIG. 2 is an
example for illustration based on depositing GaN on the Si
substrate. However, the semiconductor epitaxy structure may
have different curvature performance by choosing different
deposition materials and the substrate. For example, the ten-
sile stress is generated by depositing GaN epitaxy layer on a
sapphire substrate. In other words, the compressive stress will
be generated during the cooling down process. Therefore,
before cooling down, the substrate should be maintained in a
tensile tendency. According to the semiconductor epitaxy
structure shown in FIG. 3, the variation of curvature value of
the semiconductor epitaxy structure is shown in FIG. 4 by
sequentially depositing indium nitride (InN) as the buffer
layer 21, GaN as the first epitaxy layer 22, at least one of InN
and indium gallium nitride (InGaN) as the insertion layer 23
and GaN as the second epitaxy layer 24. It can be understood
that the deposition time or thickness of each deposition layer
is determined by the curvature value of the semiconductor
epitaxy structure measured by the curvature monitor system
in real time.
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To summarize the foregoing descriptions, the method and
the system for manufacturing the semiconductor epitaxy
structure of the present invention can determine the deposi-
tion time and thickness of the buffer layer, the epitaxy layer
and the insertion layer based on the curvature value of the
semiconductor epitaxy structure measured by the curvature
monitor system in real time, so that the strain of the semicon-
ductor epitaxy structure can be effectively controlled, and
then the lattice relaxation caused by the accumulated stress
can be prevented or the accumulated stress can be dissipated
during cooling down.
While the invention is susceptible to various modifications
and alternative forms, a specific example thereof has been
shown in the drawings and is herein described in detail. It
should be understood, however, that the invention is not to be
limited to the particular form disclosed, but to the contrary,
the invention is to cover all modifications, equivalents, and
alternatives falling within the scope of the appended claims.
What is claimed is:
1. A method for manufacturing semiconductor epitaxy
structure comprising:
providing a substrate which is monitored in real time by a
curvature monitor system to get a curvature value;

depositing a buffer layer on the substrate, wherein thermal
expansion coefficient and lattice constant of the buffer
layer and the substrate are different so that the semicon-
ductor epitaxy structure has a first strain to curve toward
a first direction and the curvature monitor system moni-
tors the curvature value of the semiconductor epitaxy
structure in real time to determine whether stop depos-
iting the buffer layer or not;

depositing a first epitaxy layer on the buffer layer, wherein

thermal expansion coefficient and lattice constant of the
first epitaxy layer and the buffer layer are different so
that the semiconductor epitaxy structure has a second
strain to curve toward a second direction and the curva-
ture monitor system monitors the curvature value of the
semiconductor epitaxy structure in real time to deter-
mine whether stop depositing the first epitaxy layer or
not;

depositing an insertion layer on the first epitaxy layer,

wherein thermal expansion coefficient and lattice con-
stant of the insertion layer and the first epitaxy layer are
different so that the semiconductor epitaxy structure has
a third strain to curve toward the first direction and the
curvature monitor system monitors the curvature value
of the semiconductor epitaxy structure in real time to
determine whether stop depositing the insertion layer or
not; and

depositing a second epitaxy layer on the insertion layer,

wherein thermal expansion coefficient and lattice con-
stant of the second epitaxy layer and the insertion layer
are different so that the semiconductor epitaxy structure
has a fourth strain to curve toward the second direction
and the curvature monitor system monitors the curvature
value of the semiconductor epitaxy structure in real time
to determine whether stop depositing the second epitaxy
layer or not.

2. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the insertion layer and
the second epitaxy layer are repeatedly deposited in an inter-
lacing manner, and the curvature monitor system monitors the
semiconductor epitaxy structure in real time to check if the
curvature value of the semiconductor epitaxy structure has
reached a predefined curvature value to determine whether
stop depositing the insertion layer and the second epitaxy
layer or not.
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3. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the resultant of the
first strain and the third strain is smaller than the second strain.

4. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the fourth strain is 5
greater than the third strain.

5. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the first epitaxy layer
and the second epitaxy layer are the same material.

6. The method for manufacturing semiconductor epitaxy 10
structure according to claim 1, wherein the buffer layer and
the insertion layer are the same material.

7. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the substrate is a
silicon substrate or a sapphire substrate. 15

8. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the buffer layer com-
prises at least one of aluminum nitride and indium nitride.

9. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the insertion layer 20
comprises at least one of aluminum nitride, aluminum gal-
lium nitride, indium nitride and indium gallium nitride.

10. The method for manufacturing semiconductor epitaxy
structure according to claim 1, wherein the first epitaxy layer
and the second epitaxy layer comprise gallium nitride. 25
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